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NOTES ON THE SKIPPING OF SEAPLANES

By John B. Parkinson
SUMMARY

Skipping 18 a form of hydrodynamic instabllity,
present during water teske—offs and landlngs, that tosses
the eeaplane into the air below flying speed. Several
investlgatlions of actual alrplanes and dynamlicelly eimi-~
lar models have shown that the primary cause of the in-—
8tabllity 1s a large suction force on the afterbody
generated by the flow behind a shallow step. The resulis
of the 1investigations indicate that, for flying boats,
catastrophlec sklrping may be avolded by the use of depths
of step of from 7— to l2-perceant beam. With depths of
8tep of 5—percent beam, skipping may be allevliated by
ventllation openings in the afterbody as close to the step
and keel as possibdle. Thao total ares of openings and ducts
ehould be 2-percent of the square of the beam.

IJTRODUCTION

Skipplng 1is a form of instability encountered in
wator ta'me—offse and landings, so—called vecausse of the
resemblance of the motions of the seaplane to those of a
skilpping stone. It occurs at high water spoeds at which
tho gross welght of the seaplane 18 neasrly alr dorne.

The notions are rapid and not under control of the pilot,
and the seaplanse 1s often thrown clear of the water below
flying speed.

The hazardous nature of sklpping in the operatlon of
large flying boats was first brought to the attention of
the Hatlonal Advisory Commlttee for Aeronautics by Caeptain
Harold E. Gray, a member of the Subcommittee on Seaplanes,
A large flying boat with violent skipping characteristics
had 0 be landed at lowser trims and higher speeds than
would otherwise khave bseen used, which added to operational
hazards 1n close quarters and increased the tendency to



"water loop.? Captaln Gray's experience indlcated that
the instadbllity was mainly a functlion of trim and water
speed and was relatively unaffected by gross weight and
normal varlations in the position of the center of grav—
ity. It ocould occur 1in smooth water and at low sinking
epeeds and appeared to be caused by a large suction force
acting aft of the center of gravity.

In ancther instance, a flying boat with unstadle
landing characteristics was also subject to "Jjump! take—
offs in smooth water during which altitudes of 30 fee?
or more woere attained before flying speed was reached.
The flying boat then returned to the water in an uncon—
trollable attitude after which the cycle was repeated
until flight was malnftained,

The skipping of several seaplanes has been investi-—
gated both full—ecale and by the use of dynamically simi-
lar nodels in NACA tank no. 1., The results of the tests
of the models have, in general, been 1in sgtisfactory
agroement with the results of experlience wilth full-size
flying boats. The purpose of this paper is to summarisze
the informgtion obtoalined up to the present time as an
aid in understanding the phenomenon of skipplng and in
avoiding catastrophic skipping tendencies in fubture sea—
planes,

TEST PROCEBDURES

Investigations of skipping have been mainly quali-
tative and the data have been bnesed on the impressions of
pilote or observers. This procedure has been generally
adequate for the improvoment of speclfic desligns because
of the large differences in behavior when the seaplane or
model is skipving and when 1t is not skipping, Trim has
been established as the most important independent vari-
able in sklpping tests.

f — bogts.— Take—offs and land—
ings were made in reletively smooth water at various pre—
determined trims over the useful range of gross weight,
flap deflection, eilrspeed, and sinking speed., Before
take—off or contact, .the trim was adjusted by the pilot
with the ald of an NACA optical trim indicator or a gyro—
scoplec trim indicator. In one case, the NACA recording
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phototheodollite was used to obtaln time historles of the
extremely rapid motions of the seaplane in trim and rise.

*The WACA takeenff and -landing events recorder has also

been used to obtaln time histories of trim, water spesd,
airspeed, elevator and rudder manipulation, and power
applied during maneuvers.

Tests of models.— Take—off and landing maneuvers were

sinuleted in NACA tank no. 1 by a dynanically similar
nodel free to rise and pltch but restralned in roll and
Yaw. The towing carriage was accelerated until the model
took off at the trim to be investigated and was then de—
celerated wntll the model landed. The trim during the
take—off and landing was adjusted dy & "stick! on tho
carriage connected with theo elevators of the model. The
behuavlior of the modol was recorded by a motlon—plcture
cemera and, when time histories were required, dy a mee
chanical trim and riso recorder. By tkils procedura, the
effscts of trim or of rodiflications of tho modsl can
readlily ba detected,

TESTS AHD REBSULTS

Case I.— An 86--000-pound commerclal flying boat was
violerntly unstable Just after landing at high trims. A

I%B-full—size dynamic modol in the tahk had simllar char—

acterletics, which wore later identified as skipping. In
both the full—slzs flyingz boat and the model, the presence
of a large suction force under the afterbody was readily
apparent, The stabllity of the model was definitely im—
proved either by inecreasing the depth of the transverse
etep from the original depth of 3—percent beam to 6—percent
beam bdr by moving the step aft, thereby increasing the
depth because of the angle between forebody and afterbdodys
Moving the step aft was the more feaslble modification for
the oxisting airplanes and was tried full-size. A great
inprovement ir landing stability at high trims resulted
and all the airplanes of the type were modifised accordingly.

Case Il.— An investigation was made of an 8000-pound
amphiblan. Six gmphibians of this type had been lost in
smooth—water landings because of instadbility that developed




after an apparently satisfactory contact had been made.
The pilots reported that the amphibians would suddenly
leap clear of the water after contact and return nose
down in an uncontrollabdble attltude.

Typical time histories of the motions durlng lending
of thds amphibian in smooth water were obtained with an
NACA phototheodollite and are shown 1in figure 1. Contact
with the water was made at 'a speed of 71 miles per hour,
a trim of 8,2°, and a einking speed of 102 feet per min—
ute. Within a fraction of a secnnd, the trim increased
to 10.7° at a rate of 6.5° per second and an upward ve—
locity of 372 feet per mninute (3.5 times the sinking
speed) was induced. The trinm dropped sharply after the
emphiblan left t%e vater and the second contact was made
at a trimn of 5.6°. The motions then dled out as the
epeed decreased., This landing was made at a safe landing
speed dut the type of motion shown was consldered the
cause of the soveral accidents that occurred at the higher
landing speeds normally used in service.

A 1/5~full—size dynamic model of the ampkibian ex—
hibited similar skipping teandencles when tested in the
tank, leasurements of the pressure behind the step dur—
ing the unstable landings indicated that negative pres—
sures of several inches of water were generated during
the skippling motions. The 1instabllity of the model was
eliminated by increasing the depth of step from S5—percent
bean to 8.,2—percent beam or by ventilating the original
step, the ventilation belng more extensive than had
hitherto been tricd.

The minimum size and arrangement of ventllation
openings and ducts that gave satisfactory landing charac—
terlstles with the original depth of step are shown in
fizure 2. % should be noted that the duct openings are
in the afterbody directly behind the step and the ducts
extend to the interior of the model above the load water
line. The total area of openings and ducts 1s given by

A = 0.0208b%
where
A area, 8square feet

b beam, feet
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Additional tests showed that the ventilation at the
keel was relatively more effective than the same area of
opening located farther outboard. These tests demonstrated
thet the source of the violent instability was the nega—
tive pressure behind the shallow step at the keel and
could be eliminated by ventilation, elther by deppening
the step to afford natural ventilation from the chines or
by using artificial ventilation of the eritical area.

The modiflcations described were not applied full—
slze. lioving the step aft, thereby increasslag 1its depth,
was reported to have improved the landling characterleticgs
appreoclably, however.

Case I111.— The skipping of a 66,000—pound Navy flylng
boat was-considered to be a serious &rawback in service.
and made night landings extremely hazardous., Because 1%
would have bean dAifficult to lncrease the depth of step
of the experimental eilrplane, ventilation ducts based on
the rosuits descrlbeéd in OGase II were tested full-sisze.
Hultirle ducto were instanlled in the afterbody behind the
step in such a way that the minimum area of openlng and
the optimum location could be determined. The step had a
30° plhn form and its depth at the keel was 5.5 percent
of the beam. Skipning at all trims and sinking speeds was
elirinated by a total duct—opening area of 1.4 percent of
of the square of the beam, located as close to the step
and the keel as poseldle. Ducts locoted 1In the vertical
portlon of the step were ineffective, however., These re—
sults were substantially 1n agreement with those odtained
with 2 1/6—full—size powered dynamic model in %he tank.

Typlcal records of the motions of the dynamic model
durirg landing (fig. %(a)) illustrate the large effect o?f
trim on the skipplng characteristics., The model lended
amoothly at 6° trim but skipped violently when landed at
7° trim, From analyeis of the record for 7° itrim, the

mnagnltude of the corresponding full—slze motlions would be
a8 Tollows:

Vertical speed, fest per minute
Tirst contact - L] [ ] [ ] L] L ] [ ] . L ] L] L] . L] L] - . L] L] . —141

First skxlp . ¢« & & & & 4 & ¢ @ o s e s s s e s . . 243
Second 8kip o+« . ¢ v ¢ ¢ 4 e e s e




Angular velocity, degrees per second:

I‘irﬂt contac'b e o ' e = s s v s - e s * & ® o 8 o @ "'1
First skip L] - L2 L] . L L] L ] - » » L] L ] L] L) L] [ ] L] L L] 20
Second BKIP . &« . ¢ o ¢ ¢ e o s e o s s & s 2 s+ « » 24,3

The large favorable effect of increasing the depth of
step on the skipping at 7° trim is shown in figure 3(D).

A summary of the amglitudea in trim and rise for
landings at trims from 5Y to full stall is glven in fig-
ure 4, This figure shows that with a normal depth of
step,:8.5=percidnt beam, the model landed smoothly at
trims less than the trim at which the afterbody was hori-—
zontal and sklpped violently at trims greater than the
trim at which the afterbody was horizontal. The range of
trims at vhich skipping occurred was entirely sbove this
angle and the gmplitudes in the skipping range were prac—
tically irdependent of tae trim. Increasing the depth of
step at the kxeel to 7.2—percent beam eliminated the skip—
Ping at all trims at which 1t formerly occurred.

Oase IV.— A powered dynamic model of a 46,000—-pound

Navy flying boat skipped violently on landing at trims
greater than thet at which the afterbody keel was hori-
zontel. The model had a 30° ¥—plan—form step with a
depth at the keel of 6.25~percent beam. The instabiiityn
was oliminated when the depth of step at the keel was in—
creased to l12-percent beam. It was also elimingted with
ventllatlon openings behind the original step at the keel
having an aren 2.4 percont of the square of the bean.

Cose V.— On the basis of tank tests of a 1/10—Ffull—
size dynamically similar model, a €2,000-pound Navy flying
boat was built with a transverse step having a depth of
8.8—percent beam., This airplane had excellent hydrody—
nanic stability characteristics and no tendency to skip
at any trim with overloads up to 82,000 pounds.

DISCUSSIOH

The suctlion force on the afterbody is obviously
gonerated by the flow from the mailn step. The afterbdody
is usually a V—bottom planing surface without longitudinal
convexity and the flow at high water speeds is approxi-
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mately parallel to its surface. It 1s inconcelvabdble,
therefore, that the afterbody can produce negative dy—
namnic 1ift of any magnitude by imparting upward momentum
to the water leaving 1it.. .
The work on sklpping to date has been based on the
hypothesis that the suction force is the result of a nega-—
tive alr pressure acting on the afterbody bottom, the
source of vhich 1s mechanical entrainment of the alr by
the high—epeed Jjets of water cocming off the step. This
hypothesis has been amply supported both dy teste of full-
size flying bohts and by tests of models, in which venti-
lation of the area behind the step elther by the natural
ventilation from the chines afforded by a deep step or by

artificial ventilatlicn of a shallow step by alr ducts has

eliminated the suctlon forces and the sklpping tendency.
The tests have shown furtker that the area directly behind
the step and near the keel 18 the only area that requires
ventilabicn, a result that satisfactorily locallzes the
source of the instabllity,

Slow-motion pictures made during high—angle porpois—
ing and skipring of models with shallow steps have shown
that, uander the influencoe of the nagative pressure induced
by entrainment of +the air behind the step end by the down—
ward veloclty of the step as it enters the water, the flow
from the forebody bends upward just aft cf the step and
effectively closaes off theo aroa near the keel from natural
ventilation from the chines. Pressure measurerments have
indicatod that the suctlons genorated during porpolsing
end sklpping cyclee are greator than the suctlons obtainoed
at constgsnt trim and draft. The flow mechanism is therc—
fore unstable and the forces generated are out of all pro--
portion to the initial disturbance.

It appears then that at high speeds and light loads
the step of a seaplane acts as the throat of a jJet air
pump adle to rroduce a high vacuum in a very short time
unless more alr can be supplied than 18 drawn aft dy the
entralnmert actlion of the Jeta. The suction force gener—
ated 1s incressed during succesesive cycles by the motions
induced in the seaplane. In order to avold violent or
catastrophic skipping, the step must be adequately venti-—
lated elther by sufficlient depth or by auxiliary ducts.

The skipping of a given seaplane has been found both
in practice and by use of models to be malnly a function




The skipping of a given seaplane has been found both
in practice and by use of models to be malnly a function
of trim and water speed and to be relatlvely uninfluenced
by other variables such as sinking speed, gross welght
(except for its influence on water speeds. Pltching moment
of inertia, and position of the center of gravity with
respect to the step. Thlse evlidence supports the hypothe—
sies roegarding the esource of skippling and indicates an
ossentlal difference between skipping and tho classic
upper—limit porpoising of two planing surfacos in tandem,

It can be proposcd with reasonablo assurence that at
& given trim the higher the water speed at take—off and
conbact, tho more violont the.skipping tecomos. This
statement i1s bdborne out by experience with full—size flyinz
boats and can be explaired by the greater mechanical en—
tralnment obtained with higher Jet speeds,

COMCLUDING REHMARKS

¥ith pnresent—day take—off and laniing speeds, con—
venticnel depths of stop (up to 5—percent beam) are in—
sufficient to prevent dargerous skippling tendencies.
Depths of transverse or V—plen—form steps should be from
7— to l2—percent beam for stadle take—offs and landings
at hlisgh trims,

The minimum amountv cf ventilation for a shallow step
requlired to eliminate tho sklpring hazard dopends on the
depth of the stey rnd the water snoeds involved, As =a
first approxiration for depths of step of around b6 per—
cent of the beam gnd landing speeds of 70 to 90 miles per
hovr, the total area of openings and ducts should be 2
percont of the square of the beam. The openings should
be located as close to the step and the keel a8 possible,
Care should pe takern to avoild large reductions in the
area of the ovenlings by structural membvers, particulaerly
at the keel, and to avold any reductlion 1in the cross—
sectionel aroa of thoe ducts themselves below that of the
area of the openings.

Langley Kemorial Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fisld, Va.
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Figure 2.~ Ventila-
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openings and ducts
for case II.
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